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Introduction
Atomic data, including energy levels and oscillator strengths (or radiative decay rates), for tungsten (W) ions have been of great interest, both theoretically [1] - [2] and experimentally [3] - [5] , for several years. This is mainly because tungsten is one of the constituents of tokamak reactor walls. Due to high temperatures of such fusion plasmas, many ionisation stages of W are observable and atomic data are required to assess radiation losses. The need for atomic data for W ions has become more urgent due to the developing ITER project. However, there are two requirements from the user community, namely the data should be generated for a significantly large model [6] and be reliable [7] . A complete set of data from a large model takes account of cascading effects, while reliability (based on rigorous tests) provides confidence to the users.
In a recent paper, Mohan et al. [8] have reported results for energy levels, oscillator strengths, radiative rates, line strengths, and lifetimes for Cl-like W LVIII. For the calculations, they adopted the widely used and readily available grasp (general-purpose relativistic atomic structure package) code. This was originally developed by Grant et al. [9] and has undergone several revisions by the names GRASP [10], GRASP2 [11] , and GRASP2K [12]- [13] . The version they used has been revised by one of its authors (Dr. P. H. Norrington), is known as GRASP0, and is available at http://web.am.qub.ac.uk/DARC/. It is a fully relativistic code, based on the jj coupling scheme. Further relativistic corrections arising from the Breit interaction and QED (quantum electrodynamics) effects have also been included. Furthermore, this version provides compatible results with others.
Tungsten is a heavy element (Z = 74) and therefore relativistic effects are very important in the determination of its atomic structure. However, equally important is the inclusion of configuration interaction (CI) -see for example, Fournier [1] 
Energy levels
For our calculations we have employed the same grasp code as adopted by Mohan et al. [8] . Additionally, we have used the option of extended average level (EAL), in which a weighted (proportional to 2j+1) trace of the Hamiltonian matrix is minimised. This produces a compromise set of orbitals comparable to other options, such as average level (AL), as noted by Aggarwal et al. for several ions of Kr [19] and Xe [20] . However, in our calculations we include much more extensive CI than Mohan et al. Gradually increasing the amount of CI, we have performed a series of calculations with the grasp code, but focus only on our final results which include CI among 38 configurations (GRASP2), listed in Table 1 . These configurations involve the n ≤ 5 orbitals and generate 3749 levels in total. Their specific energy ranges are listed in Table 1 In Table 3 , we compare our GRASP2 energies with the four calculations from fac described above. Also listed are the NIST [22] compilation for a ready reference. All calculations provide (nearly) the same orderings, and the differences between GRASP2 and all FAC calculations are less than ∼ 0.1 Ryd, indicating that the CI included in our GRASP2 calculations is sufficient as far as the levels of Table 3 are concerned. Generally, the energies obtained with fac are lower (by up to ∼ 0.1 Ryd), as has also been noted by [8] . Based on these and earlier comparisons among a variety of calculations with two independent atomic structure codes and with increasing amount of CI, we assess the accuracy of our energy levels to be ∼ 0.1 Ryd, or equivalently 0.5%.
Finally, we note that some of the levels are highly mixed as shown in the present Table 2 and in Table 1 of Mohan et al. [8] . Therefore, it is not always possible to provide a unique label for each level, but care has been taken to identify the levels as accurately as possible. Particularly difficult to identify are those levels which are highly mixed, such as 2/5/7/11/12/13 shown in Table 2 . Therefore, the best one can say about a level is that it has a particular J value, as listed in Tables 2 and 3 
Radiative rates
The absorption oscillator strength (f ij ), a dimensionless quantity, and radiative rate A ji (in s −1 ) for a transition i → j are related by the following expression:
where m and e are the electron mass and charge, respectively, c the velocity of light, λ ji the transition energy/wavelength inÅ, and ω i and ω j the statistical weights of the lower i and upper j levels, respectively. This relationship between the A-and f-values is the same irrespective of the type of a transition, such as electric dipole (E1), electric quadrupole (E2), magnetic dipole (M1), and magnetic quadrupole (M2). In Table  4 we list our A-values for all four types of transitions among the 31 levels of the 3s 2 3p 5 , 3s3p 6 , and 3s 2 3p 4 3d
configurations, listed in Table 2 . In addition, we list the f-values and line strengths (S-values), but for E1 transitions alone. For other transitions these can be easily determined though Eqs.
The A-and f-values have been calculated in both Babushkin and Coulomb gauges, which are equivalent to the length and velocity forms in the non-relativistic nomenclature. However, the data in Table 4 are presented in the length form alone, as these are considered to be comparatively more accurate. Furthermore, these results correspond to our GRASP2 calculations and the differences (if any) with the corresponding GRASP1 results reported by Mohan et al. [8] are not significant for most of the E1 transitions. Indeed the only transition for which the two sets of A-values differ substantially is 1-11 (3s 2 3p Table 4 . Finally, there is no discrepancy for the A-values of the 1-2 and 1-3 E1, and 3-7, 5-7, and 5-8 M1 transitions reported by Ralchenko et al. [4] . Based on the comparisons between the GRASP1 and GRASP2 calculations, as well as with FAC (see also 
Lifetimes
The lifetime τ of a level j is defined as follows:
In Table 5 we list lifetimes (τ ) for all 31 levels from our calculations with the grasp code. Results corresponding to our GRASP1 and GRASP2 calculations are listed, and include A-values from all types of transitions. Also listed are the lifetimes of Mohan et al. [8] , which correspond to the GRASP1 calculations. As in the present work, they have included the contribution of A-values from all four types of transitions. The discrepancies between our calculated lifetimes and those of Mohan et al. are up to four orders of magnitude for about 30% of the levels, such as 8, 18, 22, 25, and 30. Although our GRASP2 calculations include a larger CI, the τ from our GRASP1 are comparable for all levels, except one, namely 3s
. This is a direct consequence of the corresponding difference in the A-values of the 1-11 E1 transition, noted in section 3.
To understand the differences in τ between our calculations and those of Mohan et al.
[8], we also list in Table 5 Fig. 2 and Table 6 of Del Zanna et al.
[24] for a similar Cl-like ion Fe X. To be specific level populations deduced using a limited data may be different by up to a factor of five. Therefore, in our work A-values have been listed for all possible 658 E1, E2, M1, and M2 transitions, which should be useful for plasma modelling. As a result of the increased CI included in our work, the accuracy of the energy levels has improved by up to 0.07 Ryd, and brings the theoretical results closer to measurements, although limited to a few levels alone. The accuracy of our data is assessed to be better than 0.5% (within 0.1 Ryd), based on a series of calculations performed not only with the grasp code, but also with fac. Similarly, the accuracy of our radiative rates is assessed to be better than 20% for a majority of transitions.
Although no significant discrepancies are observed for the A-values reported by Mohan et al.
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